In Crohn's disease and ulcerative colitis various neutrophil functions have been shown to be impaired.' In vivo and in vitro assays on the mobility of neutrophils revealed normal or reduced skin window influx, random mobility, and chemotaxis.1' The basis of a reduced moving pattern has, in part, been shown to be caused by serum mediators and not by decreased cellular activity.67 On the other hand, recent studies with "'Indium labelled leucocytes to localise the disease process in these disorders seem to be very efficient and give no indication of severe reduction of the in vivo mobility of these cells. 89 Phagocytosis by neutrophils has been analysed in only few studies and in most of them was found to be normal. '-3 In contrast, the production of oxygen metabolites, which are used for the intracellular killing of microorganisms, was to some extent impaired as measured by nitro blue tetrazolium reduction and by more quantitative assays for superoxide anion and hydrogen peroxide production.23 10tt
When neutrophils accumulate, however, they may produce local toxic levels of oxygen metabolites and can cause an inflammatory process. This is counteracted intracellularly and extracellularly by superoxide dismutase, the reason why this enzyme is called cytoprotective and anti-inflammatory.ts 1 It was recently reported that human leucocyte elastase, a neutral protease, was demonstrable in the circulation of patients with inflammatory bowel disease in significantly higher quantities than in controls. 4 Elastase cleaves many basal membrane components as well as fibrin and other proteins and it is thought to be involved in the pathogenesis of destructive lung disease, like emphysema, on the basis of a proteaseantiprotease imbalance. ' The amount of superoxide dismutase (SOD) was determined by an ELISA method developed in our laboratory. Superoxide dismutase was purified from erythrocytes as described by McCord and Fridovich.20 Antibodies to SOD were raised in goats and purified by affinity chromatography with SOD coupled to CNBr-Sepharose 6B. Antibodies were checked on specificity by preincubation of SOD with increasing amounts of antibody and subsequent electrophoresis. At high antibody-SOD ratio's the SOD activity bands completely disappeared. The double antibody sandwich ELISA was carried out as follows. Antibody was coated (10 [ig/ml carbonate buffer pH 9.6) overnight at 4°C. After thorough washing 2% pre-immune goat serum was added and incubated for two hours. After again thorough washing standards of purified SOD were added (2.5-1000 ng/ml) as well as the neutrophil homogenates (diluted 1:30, 1:40, and 1:50), in triplicate, and incubated for two hours at room temperature. Antibody to SOD coupled with peroxidase (dilution 1:12 500) were added after washing the ELISA plate. A colour reaction was evoked by adding an orthophenylenediamine-H202 solution which was stopped after 30 minutes with 2-5 M H2SO4 and the reaction product could be measured spectrophotometrically at 492 nm. The amount of SOD in the cells was calculated from the standard curve. Reproducibility of the assay was high as illustrated by the intra-(4.1+0.3%) and inter-(6-1+1-8%) assay coefficient of variance from repeated analyses of the same samples over a two years period. To validate the SOD-ELISA, results obtained with several biological materials -for example, isolated cells, after maximal stimulation with phorbol-myristateacetate, than those of controls (Table 1) . Although neutrophils of ulcerative colitis patients showed a lower superoxide anion production than neutrophils from Crohn's disease patients (38 nmol v 47 nmol respectively) this difference did not reach statistical significance. The impairment in the superoxide anion production, however, was accompanied by a normal production of hydrogen peroxide by the neutrophils both in Crohn's disease and ulcerative colitis when compared with controls ( Table 1 ).
The levels of superoxide dismutase in the neutrophils of patients with Crohn's disease and ulcerative colitis differed significantly (respectively mean (SE) 7*11 (0-23) and 5*74 (0.42) ng SOD/,ug DNA, p<00l; Fig. 1 ). The superoxide dismutase levels of the neutrophils both from patients with Crohn's disease and ulcerative colitis were significantly lower than those of controls mean (SE) 7*84 (0.27) ng SOD/,tg DNA; CD p<005, UC p<0-00l.
The partial impairment of the oxidative system, as indicated by the superoxide anion production and the superoxide dismutase concentration was not accom- group.bmj.com on June 22, 2017 -Published by http://gut.bmj.com/ Downloaded from panied by changes in the elastase activity in the neutrophils. The neutrophils of patients with Crohn's disease and ulcerative colitis contained as much elastase activity as neutrophils from controls (Table 2) .
Consistently, a negative correlation of the neutrophil superoxide anion production, hydrogen peroxide production and SOD level on the one hand with the disease activity on the other hand was found in both Crohn's disease and ulcerative colitis, -0 251<r<-0 768 (Table 3, Fig. 2 ). The neutrophil elastase activity was not significantly correlated with the disease activity in either Crohn's disease or in ulcerative colitis (r=0.026 and r=-0-339 respectively, p>O* 1).
Discussion
In previous studies we showed that neutrophils of patients with Crohn's disease and ulcerative colitis have a partial impairment of the oxidative metabolism, which could not be attributed to immaturity of the cells or to medical treatment.'0I' The production of superoxide anion by neutrophils was found to be generally decreased in ulcerative colitis and only after maximal stimulation in Crohn's disease. Hydrogen peroxide production was normal in both diseases, although a significant lower production was found in a subgroup of untreated Crohn's disease patients.'0 In the present study we determined oxygen metabolite production after optimal stimulation with phorbol-myristate-acetate and observed that peripheral blood neutrophils of the patients have a reduced superoxide anion production and also that they have decreased concentrations of superoxide dismutase. In contrast, the hydrogen peroxide production in both patient groups was normal, with again a lower level in the untreated Crohn's disease patients (data not shown). This decrease was not significant, however, in contrast with our previous study, probably as a result of the differences in the disease activity of the untreated patients in both studies or indicating heterogeneity for this defect. The elastase activity of the neutrophils was normal. Therefore, it appears that neutrophils of patients with Crohn's disease and ulcerative colitis have an impaired function related to the oxidative system of the cells which was also found to be negatively correlated with the disease activity. The latter suggests that the neutrophil impairment tends to aggravate with the severity of the disease.
Oxygen radicals are known to play an important role in the intracellular killing of microorganisms by phagocytes.2' As the toxic radicals are also produced extracellularly, however, they are directly involved in inflammation and could cause tissue damage and ischaemia.22 It has been shown, for instance, that in intestinal ischaemia in cats, in degenerative joint disease, and in destructive lung disease in man, toxic oxygen radicals are important mediators of the inflammatory process.'22"24 Recent studies on the neutrophil function in Crohn's disease and ulcerative colitis revealed several impairments in relation to oxygen metabolism and chemotactic activity of these cells. ' " I I Studies with "'IIndium labelled leucocytes, however, showed rapid migration to the intestine and passing through the intestinal mucosa at the site of inflammation in both Crohn's diseae and ulcerative colitis, permitting localisation of the disease process, extent, and disease activity.89 It could be that secondary to the high recruitment of neutrophils to the intestinal inflammatory process the cells from the blood might be immature and less activated. In previous studies'0" we found no indication for this speculation because stimulation of the cells in the presence of cytochalasin E, which normalise oxidative responses of immature neutrophils, revealed a similar diminished oxidative metabolism. It 
